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Comparison of aqueous humour and serum zinc levels
in humans
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SUMMARY Zinc concentrations in aqueous humour and serum were determined by means of
atomic absorption spectrophotometry in 11 patients with cataract. The zinc content of the aqueous
humour was found to be considerably lower than the corresponding serum values. From this
finding it is suggested that aqueous humour does not serve as a likely route of delivery of zinc to the
cornea.

Recently universal interest in trace elements has
stimulated many studies to determine the basic
elemental composition of tissues and body fluids.
Data on the normal variations of trace element
concentrations can be used in determining the patho-
logical significance of alterations found in disease
states.

Zinc levels of ocular tissues in man and various
other species are well known; their normal variations
and pathological concentrations have been eluci-
dated."l Although the knowledge of zinc metabolism
in the cornea is not extensive, it is assumed that this
element is delivered to the cornea primarily by three
routes: serum, aqueous humour, and tears, as are
many other nutrients. Zinc concentrations in serum
and tears have been studied, but very little is known
about the role of zinc in the aqueous humour. The
present study is designed to determine the aqueous
humour zinc concentrations in patients with cataract
and to correlate these with serum zinc levels in the
same individuals.

Materials and methods

Eleven cataract patients undergoing surgery were
randomly selected and the zinc concentrations in
aqueous humour and serum were determined as
outlined below. In each case we obtained medical
and dietary histories and carried out a physical
examination.
Aqueous humour samples (0-1 to 0-3 ml) were
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collected with a tuberculin syringe during the initial
stage of cataract surgery. Care was taken to ensure
that the wound was free of blood to avoid contamina-
tion. A sample of blood was also drawn at the time of
surgery. Both specimens were placed in metal-free
test tubes and capped with paraffin film. The samples
were taken to the laboratory for immediate process-
ing. Zinc levels on all samples were determined in the
same laboratory with a Perkin-Elmer flame atomic
absorption spectrophotometer, model 703, and
HGA 400 graphite furnace. The serum samples were
diluted 1:4 serum to double dionised water. The
aqueous humour samples were not diluted. For
standardization the Perkin-Elmer Atomic Absorp-
tion Manual (January 1982) was used. The detection
limits for the flame atomic absorption spectro-
photometry were 1 ng/ml and for the graphite furnace
1 pg/ml. The reproducibility of the assay was 0 5+2%
and ±5% (±%SD) for the flame atomic absorp-
tion spectrophotometry and graphite furnace
respectively.

Results

The study included 11 patients with senile cataracts,
five males and six females. Ages ranged from 50
to 73. All patients denied any significant dietary
deficiencies in the past. Medical disorders among the
group included hypertension, diabetes mellitus, a
past history of tuberculosis, chronic pulmonary
fibrosis, and sickle cell trait.
Serum zinc levels ranged from 0-705 to 1*06 [tg/ml,

average 0.87 [tg/ml±0.124 (SD) (Fig. 1). Normal
laboratory values for men were 1 2±0-20 [tg/ml and
for women 0.96±013 [tg/ml. The average values for
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Fig. 1 Approximate comparison
ofserum and aqueous humour zinc
concentrations.

our study group were 0O75 Rg/ml for men and 0-96
Rg/ml for women.
Aqueous zinc levels ranged from 0O0001 Rg/ml to

0O021 Rg/ml. The average value was 0*0088
,ug/ml±0*055 (SD). The average concentration for
males was 0-012 Rg/ml and for females 0*005 jtg/ml.
One aqueous sample was too small to be evaluated
and one sample was lost in processing.
A Pearson product moment correlation coefficient

of 'serum versus aqueous humour zinc levels was

calculated to be -0-27, indicating no significant
correlation between the two.

Discussion

Zinc is an essential trace element for human growth
and is an integral component of many proteins and
metalloenzymes.-7 In particular zinc is needed for
the maintenance of an intact immune system and for
the stabilisation process of nucleic acids, cell mem-
brane, and cellular organelles.7
Tauber and Krauss first established the presence of

zinc in the eye in 1943.' Later it was shown that the
concentration of this metal in ocular tissues is
unusually high in comparison with the other parts of
the body. The zinc concentration of ocular tissues in
descending magnitude are the iris, choroid, sclera,
vitreous, lens, cornea, and retina.4 The corneal zinc
content has been reported as 19*6, 29 8, 41-0 ,ug/g in
different studies, and, although the details are not
well known, this element's role in corneal metabolic
functions is well accepted.489 Feiler and coworkers
have shown that both epithelial and stromal herpes
simplex keratitis developed more rapidly in zinc
deficient rabbits.'0 The data from our animal experi-
ments indicate that epithelial and stromal corneal

wound healing are markedly delayed in zinc deficient
rabbits (Lim J, Karcioglu Z A, unpublished data).

Since corneal wound healing is basically similar to
wound healing in skin and other mucosal mem-

branes, it is not surprising to observe delayed healing
in zinc deficient states. The effects of zinc on wound
healing have been studied well in a number of clinical
and experimental trials involving skin and other
mucosal tissues, and the studies from a variety of
species indicate that zinc is essential for normal
wound healing." 12

Zinc has an essential role in a wide spectrum of
enzyme systems which affect many metabolic pro-
cesses, including carbohydrate, protein, and nucleic
acid syntheses, which are the basic activities required
in tissue repair.67 Furthermore, zinc takes part in the
stabilisation process of cellular membranes and
intracellular organelles. The therapeutic benefit of
zinc in wound repair in humans has also been well
documented in a number of clinical trials.'1'4
Hubbard and coworkers tested the use of topical zinc
application on wound healing in the corneas of zinc
deficient rabbits, but were unable to show any
beneficial effects."5 Our studies, on the other hand,
performed on zinc deficient experimental animals,
clearly indicate a prolonged healing process as
measured by the tensile strength of the wound (Lim
J, Karcioglu Z A, unpublished data).

Since the role of zinc in the corneal repair process is
obvious, it is quite important to determine the route
of delivery of this element to cornea. Although our

knowledge in this respect is quite limited, it would be
reasonable to assume that zinc is delivered to the
cornea primarily by three routes: in serum from
limbal capillaries, in aqueous humour, and in the tear
layer, like other nutrients. Serum zinc in healthy
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individuals is approximately 1 jig/ml.7 In our
laboratory the normal values for men are 1-2±0-2
[tg/ml and for women 096±0-13 jig/ml (±SD). In
the tear layer the zinc concentration has been deter-
mined to be 1-02±0*31 [ig/ml in healthy indi-
viduals.o6 The zinc concentrations in the aqueous
humour, on the other hand, have not been studied
well. In one previous study the aqueous humour
concentration has been calculated to be 0 359
jig/ml.'7 In another report, the mean value of zinc in
aqueous humour was found to be 1-04 jig/ml, but in
this study an x-ray fluorescein technique was used.
The method is old and does not lend itself well to be
compared with the previously mentioned report and
also with our study.18
To the best of our knowledge no comparison of

values for aqueous humour and serum has been done
previously in simultaneous determinations. The
aqueous humour zinc concentrations in our study
were extremely small and considerably lower than
the corresponding serum values. The average value
for the serum zinc concentration was approximately
100 times more than the average value of the aqueous
humour zinc. This is not specially surprising, since
zinc in serum is bound to proteins, and the total
protein level in serum is much higher than the total
protein value in the aqueous humour.'9 Aqueous
humour in humans has 0.1%-0.2% the concentra-
tion of plasma protein.20 Whatever the reason for the
very low zinc levels in aqueous humour, since the
average corneal zinc concentration varies between 20
and 40 gig/ml, the aqueous does not appear to be a
likely route of delivery of zinc to the cornea.
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